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1

 SEMI-SUBMERSIBLE, DIRECTIONALLY
" CONTROLLED DRILLING UNIT

- BACKGROUND OF THE INVENTION

This invention relates in general to floating vessels
that require a stable platform for working above a ret-

erence location in a body of water, and in particular the

invention relates to vessels such as deep-sca drilling
units which are adapted for station keeping above a
reference location such as a wellhead on the ocean
ﬂo«or

~ Various designs hdve been developed for occan go-
ing, station kceping vessels in operations such as oft-

shore oil and gas exploration and drilling. Among these

designs is the conventional offshore drilling plattorm
which is supported on legs imbedded in the sca bed.
However, drilling platforms of this nature are restricted
to relatively shallow depths such that therr use is infea-
sible for water depths greater than about 300 fect. For
greater depths a number of different designs have been
developed in which a floating ship or surface vessel 1s
sailed to-the underwater drilling location and is main-

tained above the desired site while the drilling opera-

tion progresses. Drilling ships with conventional hull
designs have been used for this purpose. by controlling
their propulsion units to continually maintain position
over the wellhead against environmental forces such as
wind, current and wave action. However, ships of this
nature arc roll sensitive so that they must maintain a
heading into the-direction of the waves. In-most cases
such a heading is not favorable to minimize the cffects
of wind and current, so that additional power must be
expended to counter these latter forces while maintain-

ing the drilling position. Semi-submersible drilling units

have also been provided which incorporate a drilling
platform supported above the water surface by col-
umns mounted on one or more submerged hulls. In
such a design the columns are of relatively small cross
scctional area so that they are somewhat “invisible” to
wave action, with the result that the vessel can maintain
a hcading which is optimum for current and/or wind
conditions without regard to wave direction. Semi-
submersible vessels of this nature, however, have been
held in station keeping position by mooring lines an-
chored to the sea bed. Existing semi-submersible ves-
sels of this type have no provision for continuously
sceking an optimum heddmg as envlrenmental forces
change. |

OBJECTS AND SUMMARY OF THE INVENTION

Itisa generﬁl object of the invention to provide a new

and improved floating vessel and method of operation
which is adapted for station keeping with respect to. a
reference in a body of water. - .

It is another object of the invention to provide a
vessel of the type described which incorporates a lower
submerged hull supporting an upper hull above the
surface of the water. The configuration of the vessel
prov:deq a stable working platform which can be ori-
ented in a heading which is optimum for changing envi-
ronmental forces such as wmd current and wave ac-
tion. . | | ;
Another object 1s to pmwde a semi- submerslble ves-
sel and method of operation by which the strcamiined
upper and lower hulls, and streamlined stabilizing col-

umns, arc maintained over the reference’ while continu-

“ally seeking an optimum hcading which minimizes the

2

effects of environmental forces so that the power re-
quirements and fucl consumption arc reduced for sta-
tion keeping. . |

~Another object 1s to provide a semi- submemble VCS-
sel and method of operation which achieves continuous
dircctional control for maintaining an optimum head-
ing by calculating a desired bow target point on a VIr-

~ tual target circle concentric with a reference, and then
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modulating transverse thrust and in-linc propulston

' forces for maintaining the bow of ‘the vessel on the

target point whilc a center portion of the vessel 1s over
the reference. | |
Another objcct is to provlde a deep sea drlllmg unit
and method of operation in which a drilling platform 1s
supported above the surface of the water by a sub-
merged hull which can assume a heading that is inde-

_pendent of wave direction. A control system modulates

in-line and bow and stern thrust forces to maintain the
unit in register with the wellhead while contmually
secking a heading which is optimum for minimizing the
effects of environmental forces.

The foregoing and additional objects and features of
the invention are provided by a floating vessel which
includes a streamlined lower submerged hull from
which fore and aft stabilizing columns and a truss sys-
tem extend upwardly for supporting a streamlined
upper hull or drilling platform above the water’s sur-
face. Outboard vertical stabilizer columns are mounted
on opposne sides of the unit for roll stablllty The lower

hull ‘is formed with a center opening or moonpool

through which a drill stem projects from the drilling
platform to a wellhead on the sea floor. Reversible
transverse thrusters are mounted in the bow and stern

of the lower hull, and 1n- line propulsion screws are

mounted in the stern for generating reversible longitu-
dmal thrust. The control system includes means for
sensing changes in heading and transverse and longitu-
dinal position of the unit with respect to the reference.
In steady state environmental conditions the bow of the
unit is positioned over a bow target point on a virtual

target circle concentric with the reference and with the

moonpool In reglster with the reference so that an
optimum headlng 1S mamtdmed at whlch station keep-

ng power requirements are minimized. As changing

environmental conditions cause the unit to move from
its posmon the control system operates the bow and
stern thrusters and in-line propulsion screws for reduc-
ing the transverse and longitudinal errors in the bow
position from the target point and to reduce the trans-
verse error in the moonpool position from the refer-
ence. fThe presenee of a stern thrust indicates that the
heading is not optimum so that the control system cal-

‘culates the magnitude and direction of the time rate of

change of the bow target point position on the target

circle so that the stern thrust trends toward zero. The

position of the bow target point is fed back into the
program so that the control system is operated to bring
the unit’s bow into register with the new target point.
The foregoing and additional objects and features of
the invention will become apparent from the following
description in which the preferred embodiments have
been set forth in detail in conjunction with the accom-
pdnymg drawings. |

BR]EF DESCRIPTION OF THE DRAWINGS

FIG 1 15 a perspeetwe view of a seml-submemble
drilling unit incorporating the ivention;




FIG 3 IS a top pldn view of thc drllhng unit of FlG 1

- FIG:: 4 IS an end elevatlon view of the drlllmg unit ()f
FIG 13 |

- FIG. 5 1S an . Xmdl scctzon view tdken dlong thc Ime

- ’15--5 of FIG. 2;

“FIG. 6 is a SChC‘mdth force dlagram lllustratmg the

"methud of the invention;

FIG. 7 is a schematic force diagram s:mlldr to FIG. 6
~ FIG. 8 is a schematic force diagram similar to FIG. 65
" FIG. 9 is a graph 1llu<;trdtmg the method of (}pemtlon

;"of the mvcntmn and

FIG. 10 is a ﬂow chart lllustmtmg the method of

S opcrdtmn of the invention.

S scmlusubmcrmblc ﬂoatmg vessel constructed in accor-
" dance with the invention. The vessel 12 is shown as
- specially dddpted ds a decp sca. drlllmg unit for station

| 'kec:pmg on the ocean surface over a drilling site. While -
- the invention will be described in relation to a deep sea. -
Lo dnllmg operation, it will become apparent that the
~apparatus and method of operation can be addpted to
many other marine operations wheére: stability is re-

DESCRIPTION OF THE PREFERRED
EMBODIMENTS
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.

32 cxtendb tmm thc.uppcr’ hu!l down to a wcllhcad not' s

'_'Shown -on the sea floor.

5.

- More, prefcmbly three, bow tunnel thrusters 33, 34 and -
35 mounted in the bow of the lower hull, and one or
more, prcfcmbly two, stern tunnel thrusters 36 and 37
mounted in the stern of this hull. The tunnel thrusters

- are: sum:l.—.eir n construction and opcrdtlon Bow thruster

Propulsmn means s pmwdt.,d for gcncmlmg trdns-
~verse thrust forces at the bow and stern of -the. lower:
| huli and for gcnemtmg longltudmdl thrust forces on

the lower hull. The. propulsion-mcans includes onc or

- 33is typical and; as shown in FIG. 5, compmeb a-motor-

- 38 driving a controllable pitch propeller 39 mounted
‘within a cylindrical tunncl 40 which projects trans-- -

- versely through the opposite sides of the hull. Prefer-
-ably- the  motors. drwmg ‘the pl‘ﬂpel]erq arc constant - |

5

- although the power size rating of the motors, as well as

In the drdwmgs FlG 1 lllu«:tmteq gencrdlly at 12 a

20

23

quired and where the work being performed is not

dependent upon the heading of the vessel. Examples of

- other applications of the invention would be as a float-
- ing platform. for deep sea mining, as a btdtlondry-z .-
. weather station or missile platform, or even as a stable

o ﬂoatmg platform which may be required to follow a

~ course across the surface of a body of water,

' - columns 16 17anda system of trusses 18, 19 which are
- 40 1

Dnllmg unit- 12 includes -a bouyant lower hull 13

30

o 35
"'whlch is submerged to a pre-determined depth below
~the water surface.-An upper hull 14.is supported above -

the water’s surface by means of fore and aft. stabilizer -

“mounted on the lower hull. The fore and aft stabilizer

- columns include bouyant compartments and provide
~ pitch stability from wave action. The upper hull and
~ columns are formed with streamlmed elongate conﬁgu- -
~ rations which present minimum frontal areas to the
| ,enwronmental forces longitudinally of the unit.
- A pair of vertically extending outboard stabilizer
- columns 21, 22 are mounted on opposite sides of the

unit by means of a system of trusses 23, 24. The out-

~ aft column with the aft pump room. Suitable self-prim-
ing centrifugal pumps are provided in each pump room
“to bring ballast water into or discharge from the ballast
tanks as required for changing the vessel’s draft or trim.
For example, the tanks would be deballasted to bring

~ the vessel to a minimum draft floating condition for
high speed transit, or for a decreased draft for riding =

out severe storms Fora dnllmg operatlon the tanks are n

45

board stabilizer columns include bouyant chambers 26,

- 27 and provide righting moments for achieving roll
~ stability. The diameters of the trusses which extend -
' between the two hulls and which support the outboard -
o columns are relatively small so that they are relatively
“invisible” to wave action, that is the effect of change
. in bouyancy on the trusses due to wave action is small
“in comparison to the size of the lower hull. Pontoons 28

- and 29 are mounted at the lower end of each outhoard
_stability column. Each pontoon is streamlined in the

~ longitudinal direction to enhance stability and motion
o -durmg transit of the drlllmg unit to and: from a dnl!mg B
- site. o | |

55 -

speed electrical motors each rated at 1500 'horaepOW(:r

the number of thrusters required, would depend upon
) design factors such as the overall size and we1ght of the
drilling unit. The longitudinal thrust force is provided
- by a pair of in-linc controllable pitch screws 42, 43
~which are mounted on propeller shafts 44, 45 which 3
extend rearwardly from the stern of the lower hull. The -
screws are driven by motors 47, 48, which preferably -
comprises constant speed electrical motors each rated -
 at ten thousand horsepower. The bow-and stern thrust-
‘ers and in-line screws -are operated under influence of

the control system in a manner to be descnbed for---

controlling the vessel’s- posntlon o .
The interior of lower-hull 13 is dmded by bulkheads;{ -
into a series of campartmems Compartments on oppo-
site sides of the interior. form water. ballaqt tanks: 49 §50.
Pump rooms §2, 53 containing pumping equipment are -
provided in each end of the lower hull, and the pump
rooms.are accessible by means of an elevator or ladder.
f:om the upper hull through the fore: and aft stabilizer

columns 16, 17, with a passage 54 interconnecting the

;- stablllty, whlle at the same. tlme provndmg sufﬁment-*'

freeboard under the upper hull for the maximum antici--

pated wave height. Other compartments in the lower -
“hull include fuel oil tanks 56, 57 and drill water tanks
58 59 on opposﬁe Iateral s:des of the maonpeol andii_ .

~ the moenpool - |
The outboard stablhty columns arc""‘dmded by bulk- -
heads into a number of compartments as illustrated in

. FIG. 4. The lower compartments 63, 64 of each column

Lowéf hull 13 is ';tream]mcd long:tudmally of thc;f_,

_umt so that it may be {mmted with a heading hdvmg a.
* reduced frontal arca to wave and current and thcrcby T

".rmlmmlzc the drag forces which thesc cnvironmental
actions create. The Jower hull is tranwuscly cnlarged.
B dmldbhlp to accommodate a central, vertically extend- -
"mg opmlng or moonpoal 31 through which a drill stem -

60 -

forms a ballast tank into-which water is-injected and =
~ removed by means of ballast pumps 66,67 contained in -
upper chambers 26, 27. In the upper chamber of out-
board column 21 a bulk storage tank 68 is provided for

containing cement, and a similar bulk storage tank 69is

umn for contammg dnllmg mud.

~ Upper hull 14 is formed with a main du:k 7] a mld----.-
deck 72, a weather deck 73 and a drill floor 74 which

is mounted above the weather deck by an open ended
| cnclmurt. 76 A dcrr:ck 77 1S mtmmt.d dbmc drill floor

'Prowded in chamber 27 of the oppmlte outhoard co]--“. .
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74 and is centered over an opening or well which ¢x-
tends completely through the upper hull in register with
moonpool 31. A number of wells are formed in the
upper hull for storage purposges, including a pair of riser
pipe storage wells 78 on opposite sides of enclosure 76, 2
a casing storage well 79 and a drill pipe storage well 80
A pair of crancs 82, 83 arc mounted on pedestals on
port and starboard sides of the weather deck for han-
dling the drilling pipe and casing. A tool house 84 is
provided at the stern end of the weather deck, and a 10
heliport 86 1s provided at the bow end for accommo-
dating a service helicopter 87. The main and mid decks
of the upper hull are divided by bulkheads into a num-
ber of compartments including quarters for the crew at
the bow ¢nd and rooms for storage, prime movers and 19
clectrical cquipment and the like are provided at the
stern end. Compartments arc also provided in the
upper hull for surge tanks and pumping equipment for
cement, and for storage and pumping equipment for

mud which is to be used in the drilling operation. 20

The control system for operating the thrusters and
propulsion screws includes an on-board digital com-
puter of suitable design programmed in ‘a manner to
process input information of the vessel’s heading and
position with respect to a reference such as the well- 25
hcad on the sea floor. The output from the computer 1s
in the form of control signals which modulate the pitch
of the bow and stern thruster propellers and in-line
screws. An example of a computer which can be em-
ployed would be an IBM System 370, although other 30
similar computers could also be employed. The tech-
niques for programming the computer to process the
information are conventional and need not be de-
scribed 1n detail. |

Input information into the computer is generated 3>
responsive to vessel movement due to the effect of

environmental forces such as wind, current and wave
action. Sensing means is provided to continuousty mon-

itor the vessel heading and surge and sway motion of
the moonpool rclative to the wellhead whereby the 40
control system can maintain the vessel in station keep-
ing register while drilling progresses so as not to dam-
age the drill string which extends to the wellhead. Pref-
erably the sensing means comprises an on-board con-
trol circuit which includes a plurality of hydrophones 4>
88, 89, 90 mounted below the lower hull for receiving
sonar signals 92 generated by a suitable transponder
located adjacent the wellhead. The signals received by
the hydrophones are analyzed by conventional meth-
ods of triangulation to sense the yaw, surge and sway 20
components of vessel motion. These motion compo-
nents are sampled over a relatively long time period so
that insignificant motions such as those due to individ-
ual wave action are not introduced into the system.
While a sonar position sensing system is illustrated as >
preferred, the invention also comtemplates that other
sensing methods could be used such as sensing the
orientation of a taut wire stretched between the vessel
and wellhead, for example.

~ As shown in the chart of FIG. 10 vessel heddmg and 60
the position of the moonpool relative to the wellhead
are scnsed at step 94 and the information is fed into
computer 95. As shown in the schematic diagrams of
FIGS. 6-8 the computer analyzes the input information
in rclation to a mathematically established desired bow 65
target point 97 which lies on a virtual target circle 98
concentric with the reference, in this casc the wellhead
99. In the schematic diagrams the vessel 1s represented

6

at 101 with its moonpool 102 in vertical register with
the wellhead. In FIG. 6 the conditions are steady state
such that the bow 103 of the vessel 1s in register with
bow target point 97 while the environmental forces
acting on the vessel are in equilibrium with the forces
of the thrusters and in-line screws. The current, wave
and wind forces resolve into the resultant environmen-
tal incar force 104 and resultant environmental yaw
moment 105, and these forces are balanced by the
in-line screw force T, and the moment of bow thrust
Ts. At the samc time the stern transverse thrust Ty is
approximately zero. In this condition the vessel’s head-
ing is optimum and the propulsion power requirements
and fuel consumption arec minimum for maintaining
station keeping under the given environmental forces.
This can be achieved because the streamlined upper
and lower hulls and stabilizer columns are free to move

to the optimum hecading for minimizing the effect of

environmental forces.
As 1llustrated in FIGS. 6-8 the vessel can be consid-

ered a weather vane with its ptvot point at the vessel’s

~ bow such that the vessel is pivoted about that point to

assume an optimum heading as the environmental
forces act upon it. The in-line screws and bow thrusters

‘operate to keep the bow on that pivot point, i.e., on the

bow target point. At an optimum heading as in FIG. 6
the environmental forces can be thought of as acting to
swing the vessel about the bow target point to an equi-
librium position at which the moonpool 1s in vertical
register with the wellhead. Under steady state environ-
mental conditions in this equilibrium position a stern
transverse thrust is not needed to maintain reglstry of
the moonpool with the wellhead.

When the environmental forces change, such as
where the wind and/or wave magnitude may change or
direction shift, the resultant of the environmental

forces will change, as for example to produce the new
resultant environmental linear force 110 and resultant

environmental yaw moment 111, as shown in FIG. 7.
The changed environmental forces disrupt the equilib-
rium from the existing in-line screw force T, and bow
thrust T so that the vessel begins to move with both
rotation and translation. Thus, as illustrated in FIG. 8
(with the amount of displacement exaggerated for pur-
poses of explanation) the bow and moonpool of the
vessel are displaced from the respective bow target

point 97 and wellhead 99. In this figure the fixed or

global coordinate system is established along the axes

- Y-X. Where the vessel’s instantaneous heading of lon-

gitudinal axis 112 is at an angle a from the Y axis, then
the local coordinate system for the vessel 1s established
by the computer along the axes y-x with the ordinate y
at the angle « from the ordinate Y of the fixed coordi-

‘nates. The old bow target point 97 1s at an angle 6 from

the ordinate Y.

Vessel posntlon information Wthh 1s fed into the
computer is processed at step 115 of the flow chart for
calculating, with respect to the local coordinate system,
the longitudinal error E, of the bow position with re-
spect to target point 97, the transverse error E; of the

~ bow position with respect to the target point and the

transverse error w ot the moonpool with respect to
reference wellhead 99. This error information 1s then
fed into automatic control system 116 and converted
into thruster and screw control signals for returning the
vessel to its bow target point and wellhead position.
Thus, at'step 117 a signal is generated which will oper-
ate the transverse bow thrusters in a manner to reduce




-

E‘ At stcp 118 a slg._,ndl is gunemted which will ()pcmth ;
- _-'_the in-line screws in @ manner to reduce E,. And at step

119 a signal is gcncrated which will operate the trans-

verse stern thrusters in a manner to reduce . The

-~ signal from step 117 is employed at step 121 to vary the

~ in-line screws to modify the magnitude and direction of -
the lonigitudinal thrust. And the signal from stcp 119 is

~employed at step 123 to vary the pitch of the stern
thrusters to modify the magnitude and directions of the =~
- stern transverse thrust. ‘The signals at steps 117-119
- are calculated so that the magnitude of the forces are
- functions of the magnitude of the respective errors E,
E, and u and their rates of change. In one spef:lﬁc
jcmbodlmcnt of the invention, the -computer is pro- -

3 974 792

- pitch of the bow thruster propellers to modify the mag-
~ nitude and direction of the bow thrust. The signal from -
step. 118 is employed at step 122 to vary the'pitch of the

. rcspumc of the control system in 'bfingihg the vessel . '

back to an optimum heading. The chart plots time in-

seconds along the abscissa, 5t¢1rtmg at 200 seconds

following the Initial application of the. cnvlmnmem to
the ' vessel with -the control 5yatem mn: ()pudtmn “The L
total h(}raep(‘)wcr of ‘the bow and stern thrusters ‘and =~

- in-linc screws is plotted on the top line. The dulrcd;.;w

“vessel heading 6 as calculated by the control system

l() "

15

- grammed so that these functions are direct proportion -

functions. The combination of the modified thrust
- forces act to move the vessel back to.its orlgmdl orien-

- tation at step 126.

-~ The existence of a non-zero value of the stern trans- -
 verse thrust 123 indicates that the vessel is not-at-an-

20

- optimum heading for the changed environmental con-

of change of the bow target point position on the target

- ditions so that'a new bow point must be established at 25
- which the heading is optimum. The control system
 measures the magmtude of the power of the stern

- thrusters to provide an input for use in step 124 to

calculate: the magnitude and direction of the time rate =

'30'_mg the bow and Stern thrusters """ and m lme Screws to-"

- circle. The magmtude of the time rate of change of the .
 bow target point is made directly proportional to the

power producmg the stern thrust, while the target point

~ is changed in a direction on the target circle which =

~ makes the stern thrust value trend toward zero..

- above-described steps That is, the longitudinal and

transverse errors in the bow and moonpool! positions
40

- are again calculated on the basis on the updated bow

- target point position. The new error calculations are
- again fed into automatic control system-116-for gener-
. atlng new 51gnals to operate the bow and stern thrusters -

“and in-line screws. These steps are repeated until the

~ value of the stern: thrust reaches zero, at which- COI’Idl-'

: ._and bow thrust forces

45.
- tion a new optimum heading is achieved with the
~moonpool again in register with the wellhead and with -
- the environmental forces 1 In equlllbrlum with the ) In- lme- |

“head location which is provided with a sonar transpon- =

- condition for transit to the drlllmg site." The in-line

: ~ screws and transverse thrusters are employed for pro-
pellmg the vessel in transit. At the drilling site the ves-

~ der. The vessel is initially deballasted to shallow draft 355

-sel is ballasted to a deep-draft condition-and the auto-

~matic control system is.activated. Vessel position infor-

~ mation received by thc hydrophones 88-90 through

" sonar signals 92 from the wellhead Is. mput into the"_ )

- computer as real time data. - :

" The chart of FIG. 9 l“llStI'dteS a spec:fic example of .

 the method of opemtlon of the invention for demon-

stratmg the cffect of a short wind gust on vessel 12

~which is being controlled at an optimum headmg over
E the wellhead, and for demonstrating the effect of the

and the actual vessel hcadmg o are. plottt,d as are the

x and y displacements of the moonpoe] from the well-
head with reference to the local coordinate System. It
will be secen that at the steady state. condltmn inthe'400
~ to 600 second time span the- monnpool

x and y dis-

placcmcnts are small but not zero. As requlrcd the

computer . program may be modificd to force these -
displacements to zero. At 600 scconds the environment

| changea and a sudden wind gust of one minute duration -~
_lS 1mposed on the vesqcl Thc vessel rcsponds dnd'-

'tlon c:-f the X and y dlspldcemcnt curves and by the.:f :
~ deflection of the «a heddmg curve: | |
Vessel dmplacement 1S detected by the hydrophoncs ER

~and data on the changed vessel position is inputintothe .~~~
computer which’ calculates the transverse and. long:tm_."?---r':'";j_ | |
~dinal errors E,, E, of the bow posxtlon with respect to

the bow target point, and of the transverse error {4 -

]ongltudmal force TL for reducmg the pomtron errors. o

~ The resultant of the forces Tpand T, moves the vessel’s

g .bow back toward bow target Pomt 97 The Stem tI'B.l'lS—_"f e

The 35 2
change in the. posnlon of the bow target point is fed
- back at 125 into step 115 to iteratively repeat the

the vessel in a dlrectlon to’ brmg the moonpool backi--- o '
into register with wellhead 99. The .presence of stern ~ |
_'thrust Ts: 1nd1cates that the. headlng is not optimum for
“minimizing power consumption;: and the- greater. the . |

_}-'.the mﬂonpool pmsmon .as illustrated in’ FIG. 8. The_-{'_"
. rmation is input into automatic. control SYS-. oo
tem. 116 Wthh generates mgndls at'1 17-1 19 for. operat- e U

value of Ty then the further the vesse! is from the opti- -

mum heading. The computer senses the stern thrustf"-':.f.-'__ R
~and respt‘mds to change the position of bow targetpoint. -~ |
97 on the target circle so that the vessel will seek anew -~

optimum heading. The direction of change of the target

point on the target circle is calculated so that the stern e

thrust trends toward zero. Thus, for the ex&mple of

- FIG. 8 where Ty is:to port for reducmg i, the bow -

target point would be moved n-a counter-clockwise - o

| | o . direction around target circle 98. The magnltude ofthe .=

50
| SUMMARY OF OPERATION OF THE INVENTION“- |

, In operatmn jt Wlll be assumed that the vessel 12 is to .
 be used for deep sea drilling in the ocean over a well-

‘time rate’ of change of the target; pomt is proportional |
to: the average Gf the stern thrust pawer The changed_-'lr__j_-,_ :

'mt@ the program w1th the fmegomg steps 1teratwely.§[?---_"-

repeated until the optimum heading is achieved and the;--f;'_'_ |
system returns to steady: State: conditions, as: shown at =
- the 1000 second location on the graph of FIG. 9.

While the foregomg embod:ments are’ at’ present-'}fi__'? o
~considered to be preferred it is understood that numer- -
‘ous variations and modifications may be made therein -~
60 by those skilled in the art. For: example, various differ- -

~ ent hull configurations could be employed which would} -

satisfy the directional control requirements of the in- -

twin hulls Also wh:lc the method has bccn dcscrlbed;"{---};_,_' B
- as calculatmg the pos:tmn CITOTS | uqmg a Cartefsldn'ﬁ!--*“*“'-"' ST e

~vention. - Thus, while a émgle submersed hull is illus- N

| trated twm submersed hulls could be prowded w:th ther--'
05

"-__coordmdte system, 'the- calculdtmm could be mdde.'}._:_ o
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using a polar coordinate system. It is intended to cover
in the appended claims all such variations and modifi-
cations as fall within the truc spirit and scope of the
invention. - | -

We claim: : ' | -

1. A mecthod for opcratmg a floating vesscl havmg
propulsion means, the vessel being adapted to be semi-
submersed in a bndy of water for maintdining the vessel
in register with a given rcference which s external to
the vessel, including iteratively performing the steps of 10
sensing the actual position of the vessel with respect to
said reference, calculating a desired position of the
vessel which 1s optimum for minimizing the power ¢x-
pended by the propulsion means in opposing the envi-
ronmental forces acting on the vessel, said last step
including calculating a target position of onc end of the
vessel at which registry of said one end results 1n the
environmental forces coacting in cquilibrium with the
forces from the propulsion mceans to maintain the ves-
sel at the desired position with a portion of the vessel in
substantial register with the reference, sensing an error
between the actual and desired positions, and operating
the propulsion means responsive to the error to move
the vessel to said desired position by moving said one
end of the vessel into register with said target position.

2. A mcthod as in claim 1 in which the step of sensing
- an crror includes sensing the displacement of the actual
position of said one end with respect to the target posi-
tion, and operatmg the propulsion means to move said
-one end in a direction toward said tdrget position to 30
reduce $aid error. |

- 3. A method as in claim 2 which mcludcg the steps of
calculdtmg a transverse error in the displacement of
said portion of the vessel with respect to the reference,

15

and operating the propulsmn means to pivot the vessel 35

about said one end in a direction to reduce said trans-
VEISE Crrofr.
4. A method as in claim 3 which includes the step of
calculating a changed target position at a location at
which registry of said one end results in diminution in 40
operation of said propulsion means for s.-.zud pwotmg of
the vessel to reduce said transverse error.
5. A method for maintaining a semi-su bmer‘;lb]e ves-
sel at an optimum heading on the surface of a body ot
water with respect to a given reference, including the
steps of positioning one end of the vessel at a pivot
point with respect to a desired target point which les
on a radius from the reference whereby environmental
forces such as wind, current and wave action tend to
pivot the vessel about said one end to an equilibrium 59
- position with a portion of the vessel at a predetermmed
“location with respect to the reference, measuring the
transverse displacement of the vessel from the refer-
‘ence, applymg a force moment to the vessel about said
one cnd in a direction to reduce said displacement,
calculating a new desired target point when said dis-
‘placement effects application of said moment, said new
target point being calculated so that posmomng of said
one end at the new target point results in a decrease 1n
said displacement and moment, moving said one end
toward said new target point, and reiterating the above
“steps so that the vessel is‘caused to substantially assume
said optimum heddmg | - |
"~ 6. A mcthod as in claim 5§ in which sdld one end of
“the vessel is positioned on the target point by imparting
 a longitudinal thrust force extending along the vessel
and a- first transverse - thrust force at said one cnd
whereby the resultant of said thrust forces counteracts

45

33

- 60

63
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10
in a stcady state condition the resultant of the environ-
mental forces which act on the vessel.

7. A method as in claim 6 in which said force moment
is imparted to the vessel by imparting a sccond trans-
verse thrust force to the other end of the vessel.

8.. A method as in claim 7 which includes the steps of

“measuring the displaccment of said one end from the

target point, varying the longitudinal thrust force and

“first transverse thrust force to reduce said displacement

of said onc end, measuring the transverse displacement
of a mid-portion of the vessel from the reference, and
said forcc moment is imparted to the vessel in a direc-
tion to move said mid- portlon mto vertical register with

said reference.

9. A mcthod for controlling the pO‘ilthI‘l of a semi-
submersible unit on the surface of a body of water with
respect to a' given refcrence, the unit having a lower
submersible hull supporting an upper hull above the
surface, including reiteratively performing the steps of

“calculating a desired target point located on a virtual
target circle concentric with the reference, sensing the
longitudinal and transverse displacements of one end of

the unit from the target point, sensing the transverse
displaccment of a mid-portion of the umt from the
reference,. imparting a longitudinal thrust force to the
unit for reducing said longitudinal displacement, 1m-
partinga transverse thrust to said one end to reduce the

transverse displacement, imparting a transverse thrust

to the other end of the unit to reduce the transverse

displacement of the mid-portion of the unit, and calcu-

lating a change position of the target point on the target
circle whereby registry of said one end thereon will
result in a diminution of said transverse displacement
and.of said transverse thrust. S

- 10. A method as in claim 9 in which the thrust forces
which are imparted to said one end of the unit are

proportional to the respective longitudinal and trans-

verse. displacements and their time rate of change of

said one end.

'11. A method as in clalm 9 in which the transverse
thrust force imparted to the other end of the unit 1s
proportional to the transverse displacement and its
time rate.of change of said mid-portion from the refer-
ence, and the magnitude of the time rate of change of
the target point on the target circle is proportional to
the magnitude of the transverse displacement resulting
in the transverse thrust imparted at the other end of the

unit.

12. A method for operatmg a seml-submer51ble dI‘ll-
ling unit on the surface of a body of water with respect

~ to a wellhead location, the unit including a lower sub-
‘mersible hull with a streamlined configuration and

having an upper hull supported above the surface on
the lower hull, the upper hull having a drilling rig lo-
cated at a mid-portion thereof, the lower hull. being
provided with an in-line propulsion means for produc-
ing a longitudinal thrust and bow and stern thrust
means for producing respective bow and stern trans-
verse thrust forces, including the steps of calculating a
desired bow target point which lies on a virtual target
circle concentric with the wellhead, measuring the
longitudinal error E, in the position of the bow from
the target point, measuring the transverse error E; In
the position of the bow from the target point, measur- -
ing the transverse error u in the position of the mid-

portion from vertical registry with the wellhead, oper-
~ating the bow thrust means to produce a transverse
thrust in a dircction to reduce E,, opcrating the in-line




prepulsmn means to produce a leng:tudlnal thrust in a

direction to reduce E,, Operatlng the stern thrust means

 wind, current and wave action, the.control means in-
-cludmg means for ealeulatmg a desired bow target o
~point on: a target circle which-is concentric - with ‘the. .. &

. to produce a transverse thrust.in a direction to reduce. -
~ m, calculating a new position of the bow target point on
~ the target circle which will result in the stern thrust.

~ trending toward zero, and reiterating the foregemg

. steps so that said unit substantially assumes an opti- -
. mum headmg at Wthh the thrust means and pmpulsmn
- means are operated at minimum power for a given
" -combmatlon of envnrenmental ferceq which act. on the

.:_: _' :__ :_' lmlt

.....

1308 a seml-aubmerelb]e veseel havmg prepulmen

- means for moving the vessel in a body of water, the
- combination of means for eensmg the actual position of

. the vessel with respect to a given. reference which is..

.--.:%*:*Qf*-‘-'?_external to- the vessel means fer ealculatmg a deslredt? -
L '_.":;j’;_?.'pomtlon of the vessel Wthh 18 Optlmum for mmlmlzmg
-~ the power expended by the propulsion means in oppos-
. ~ingthe. environmental forces acting on the vessel, said

“ 7 last‘mientionéd means mcladmg meansfor calculating a
L ‘target pOSlthﬂ of one end of the vessel at which reg:stry“

- forces from the propulsion means to maintain the ves-

5

10

thruster means for generatmg a tranweree qtern thrust:"_'
force in a dlrectton to reduce said transverse displace- .
ment and means to calculate a new pO%lthﬁ of the bow___'_ |

15

- of said one end on the target position results in the
.'._-enwronmental forces coacting in equilibrium with the

sel at the desired position with a portion of the vessel in

- substantial register with the reference, and means for
* operating the propulsion means to urge the vessel to
‘said desired position responsive to said first mentioned |
~ means sensing a displacement of said actual position
o from the desired position, in which said operating
©'means operates the prepulsren means to maintain said -
- one end of the vessel in substantlal reglster w:th said
 target pesntlon

14. A vessel as in elalm 13 in. whlch said ealculatmg- |

" ‘means includes - means operating’ respenswe to said

- ment of the actual position of said one end of the vessel
~ with respect to said target position, and said operating
' means operates the propulsion means to move said one

end of the vessel in a direction toward sald target posi- 40

sensing means for calculating an error in the displace-

" tion to reduce sald error.

15. A vessel as in claim 14 in whlch said ealeulatmg |

25

30

-~ .- means  includes means- operating responsive to said -

sensing means for calculating a transverse error in the

~ actual position of said portion of the vessel with respect
~ to said reference, and said operating means operates

- about-said one end i m a dlrectlon to reduce Sdld trans-
~ verse error.. . SR | :
160 A vessel as in elalm 15 in whnch said caleulatmgg_f-'_"f'
S _"-means calculates a changed target posmcm of said one - -
- end responsive to said transverse error causing. opera-

© ' tion of the propulsion means, said changed target posi-

tion being established at a locat:on at which registry of
said one end results in a dlmmutlon of said force mo-

- ment.

17. A vessel adapted for operation on the surface of

- a body of water in station-keeping position over a given

reference location, including the combination of a sub-
mersible lower hull, bow and stern thruster means in
the lower hull fer,producmg respective bow and stern.

45

50t

35

60

- transverse thrust forces, in-line propulsion means in the

lower hull for producing longitudinal thrust forces, an

~ upper hull mounted on the lower hull above the surface
of the water, and control means for establishing the
- vessel over the reference at an optimum heading which |
minimizes the effects of enwronmental forces such as

65
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reference, means for measuring the dlsplacement of.the -

position of the bow from the bow target point, error -

means for measuring the transverse dlsplaeement of the =

- vessel from the reference ‘means for: ‘operating the bow- -
- thruster means and in-line propulsion means for gener--

~ating respectwe transverse and longitudinal thrust

forceq in dlrectlom wh:eh wﬂl reduee sald dmplaee-- -

measures longltudmal and transverse dlsplaeement of

said- bow pGSithIl from the bow" target point, and the

control means operates the transverse bow thruster

means and in-line propulsion means to produce respec-
tive bow- transverse thrust- forces- -and -longitudinal - -

thrust forces which are proportional to the magnitude
of the respective longitudinal and transverse dlsplaee-
ments of the bow position. | |

~ 19. A semi:submersible drilling umt for operation.on
the surface of a body of water over a wellhead location,

- including the combination of an elongate lower sub-

mersible hull having bow and stern ends with a verti- _-

“cally “extending- moonpool at a. mld-pomen thereof, =

Support means mounted on the lower hull and. extend-

ing upwardly above the surface of the water, an upper

hull mounted on the support means above the surface,

- apairof vertically elongate stabilizer columns mounted |

outboard of and on opposite lateral sides of the unit,
drilling means on the upper hull for supporting and

controlling a drill stem extending downwardly through .
the. moonpool, bow: thruster means at the bow of the. -
Jlower hull for generatmg a transvereely directed, re-
versible thrust force, in-line propulsion means-at the
~stern of the lower hull for generating a longitudinally - -
Ll .the Pmpulsmn means: to Produce a force moment _____ res . . directed - and reverSIble thruat for-ee a,tem thrustergjis;_;;-:;.i-,

~sponsive to said transverse error-for pivoting thé vessel - - means at the stern of the lower hull for generating.a-= . -

-transversely dlrected revers:ble thrust ferce and een-__'j;fff?

o _wellhead and for estabhshmg a 5eleeted headlng ef the*';'f--.
~ vessel at which substantially minimum power is ex-

pended to counteract the environmental forces. -

20. A drilling unit as in claim 19 in which the lower
hull is streamlined longitudinally thereof to minimize
‘the drag force of current and wave action, and the

control system includes means for sensing dlsplace- :

ment of the unit from a position over the wellhead due
to environmental forces acting thereon, and means to

operate said bow and stern thruster means and in-line -
propulsion means to maintain the unit in register with -
the wellhead and to control the heading thereof to an -
optimum direction. which minimizes the power. re-
quired for operating the thruster means and propulsion
means for given environmental forces whleh act on the

Ul'llt

| ---placement sa:d new bew target pmnt"“bemg calculated T
ata position whereby the magnitude of the stern tfdﬂs'*-.5'5.-?5-;:!?-4-; S S
20 '.;“"er""‘e thrust tends teward zero'das the
~" move toward the new bow target pomt

18. A vessel as in claim 17 in which the error means
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21. A drilling unit as in claim 20 in which the upper
hull is strcamlined to minimize the drag force of wind
action when the control system maintains the heading
of the unit at said optimum direction.

22. A mecthod for maintaining a semi-submersible
vessel at an optimum hcading on the surface of a body
of water with respect to a given reference, including the
steps of holding one end of the vessel in register with a
desired target point which lics on a radius from the
reference whereby environmental forces such as wind,
current and wave action tend to pivot the vessel about
said one end to an equilibrium position, measuring the
transverse displacement of the vessel from the refer-
ence, applving a force moment to the vessel about said
onc cnd in a dircection to reduce said displacement,
calculating a new desired target point when said dis-
placement cffects application of said moment by calcu-
lating the time rate of change of the new target point

with a magnitude proportional to the magnitude of said
force moment which is applied to the vessel, said new
target point being calculated so that registry of said onc
end thercon results in a decrease in said displacement
and moment, moving said onc cnd toward said new
target point, and reiterating the above steps so that said
vessel is caused to substantially assume said optimum
hcading.

- 23. A vessel adapted for opceration on the surface of
a body of watcr in station-keeping position over a given
reference location, including the combination of a sub-
mersible lower hull, bow and stern thruster means in

the lower hull for producing respective bow and stern

transverse thrust forces, in-line propulsion means in the
lower hull for producing longitudinal thrust forces, an

1O
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upper hull mounted on the lower hull above the surface
of the water, and control means for establishing the
vessel over the reference at an optimum heading which
minimizes the effects of environmental forces such as
wind, current and wave action, the control means in-
cluding means for calculating a desired bow target
point on a target circle which is concentric with the
reference, means for measuring the displacement of the
position of the bow from the bow target point, error
means for measuring the transverse displacement of the
vessel from the reference, means for operating the bow
thruster means and in-line propulsion means for gencr-

“ating respective transverse. and longitudinal thrust

forces in directions which will reduce said displace-
ment of the bow position, means for operating the stern
thruster means for gencrating transverse stern thrust
force in a direction to reducce said transverse displace-
ment, said control means operating the transverse sten

thruster to produce the stern thrust with a magnitude

proportional to said transverse displacement of the
vessel and its time rate of change, mcans to calculate a
new position of the bow target point on the target circle
when the transverse thrusters arc operated due to said
transverse displacement, said ncw bow target point
being calculated at a position whercby the magnitude
of the stern transverse thrust trends toward zero as the
bow is caused to move toward the new target point,
together with means for calculating the change of the
bow target point on the target circle at a time rate of
change which is proportional to the magnitude of the

stern transverse thrust.
% ok ok kX
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